We present an assessment of the recorded vascular plants in the Los Tuxtlas region, in the state of Veracruz, Mexico, an important portion of the humid tropical forest at the northern edge of its distribution. A literature review and the information contained in the two most important databases in Mexico with digitized information for the region report 2,548 species, of which 2,391 are native and 157 naturalized (exotic). The families with the highest number of species are Fabaceae, Orchidaceae, Asteraeae, and Rubiaceae. The composition of the flora is analyzed, and its similarity is compared with other tropical regions of Mexico. The humid tropical forest in Los Tuxtlas stands out as the site with the third highest number of tropical species in Mexico, and in particular for its high number of endemisms. A quarter of the species occurring in the region are threatened; despite this, the biosphere reserve within its limits plays an important role in the conservation of this type of vegetation.
Introduction
The humid tropical forest (HTF; Villasen˜or & Ortiz, 2014 ) is a biome that has attracted attention for several decades. Among the different causes of such attention are its high floristic richness (Myers, 1988) , its anthropogenic importance since the dawn of civilization (Schmitter-Soto, Mariaca-Me´ndez, & Soto-Pinto, 2016) , the ecosystem services it provides (Naidoo et al., 2008) , its ability to cushion the impacts of climate change (Bonan, 2008) , as well as the imminent threat of its disappearance due to continuous deforestation and land use change where it is established (Achard et al., 2002; Betts, Mahli, & Roberts, 2008; Dirzo & Garcı´a, 1992; Flores-Villela & Gerez, 1994) .
As a biome (Gurevitch, Scheiner, & Fox, 2002) , the HTF encompasses a set of plant communities dominated by trees found in the lowlands of the Mexican tropics, where annual rainfall exceeds 1,500 mm and the temperature almost never drops to freezing (Villasen˜or & Ortiz, 2014) . The communities or vegetation types associated with this biome are mainly tropical rainforest, evergreen tropical forest, subperennifolian tropical forest, and tropical subdeciduous forests (sensu Rzedowski, 1978) . Its presence has been documented in 18 of the 32 states into which the country is politically divided (Table 1) . On the Pacific Ocean slope, HTF is of the subdeciduous or subperennifolian tropical forest type in the north of the state of Sinaloa (municipalities of Cosala´and Culiaca´n; Vega-Avin˜a & Villasen˜or-Rı´os, 2008 ) and on the Gulf slope of Mexico, in the south of the state of Tamaulipas (municipalities of Go´mez Farı´as and Llera). In particular, Dirzo and Miranda (1991) evaluated the northern boundary distribution of the tropical humid forest, placing it in the Huasteca Potosina, in the southeast of the state of San Luis Potosı´; however, they emphasize that at present, due to land use change, this boundary is located in the Los Tuxtlas region in the state of Veracruz, where relatively large fragments of this type of vegetation still persist.
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Instituto de Biología, Universidad Nacional Autó noma de México, Mexico An account of the HTF's floristic richness in Mexico reports the existence of 6,187 species (Villasen˜or, unpublished data) . Of these, at least 3,941 are characteristic (shared with one or two neighboring biomes) and 1,185 are practically endemic to the biome (Villasen˜or, 2016; Villasen˜or & Ortiz, 2014) . Table 1 presents a summary of the floristic richness documented in each of the states where the biome is present; the states of Chiapas (5,030), Oaxaca (4, 459) , and Veracruz (4,385) stand out for their number of species. It is important to emphasize that although the figures for these three states are similar, the area in which the species are settled varies from 29.2% of Oaxaca's state territory to 73.7% of the territory of Veracruz. Unfortunately most of the potential surface for this vegetation is currently covered by cultivated land and grazing, as well as by secondary vegetation; in particular in Veracruz, only 8.6% of the natural vegetation remains (Ellis, Martı´nez-Bello, & MonroyIbarra, 2011) .
As Dirzo and Miranda (1991) point out, the Los Tuxtlas region, in the state of Veracruz, constitutes the largest fragment of HTF within its boreal distribution boundary. Unfortunately, much of its original vegetation has also disappeared, giving way to secondary vegetation (pastures), dwellings, and agricultural areas (Castillo-Campos & Laborde, 2004; Guevara, Laborde, & Sá nchez-Rı´os, 2004) . The region has attracted the attention of many investigators; there are several floristic studies that address part of this territory, several of them focused on the existing protected natural regions. Of special attention are the inventories made at the Los Tuxtlas Tropical Biology Station of the Universidad Nacional Auto´noma de Me´xico (Bongers, Popma, Meave, & Carabias, 1988; Ibarra-Manrı´quez & Sinaca, 1987; Ibarra-Manrı´quez & Sinaca-Colı´n, 1995 , 1996a , 1996b Lira-Noriega, Guevara, Laborde, & Sa´nchez-Rı´os, 2007) , in the Sierra de Santa Marta (Ramı´rez, 1999) , or in the Los Tuxtlas Biosphere Reserve (Acebey, Kro¨mer, Va´zquez-Torres, & Tejero-Dı´ez, 2015; ArroyoRodrı´guez, Dunn, Benı´tez-Malvido, & Mandujano, 2009) . However, there is no work documenting the total floristic richness of this important tropical rainforest remnant. The work presented here is the first effort to document the floristic richness of the entire region. The evaluation of the vascular plant richness of the Los Tuxtlas region will allow the determination of the most characteristic floristic elements, so the questions to answer are how representative this flora is of the tropical humid biome of Mexico and how distinct it is from other sites in the country with this biome.
Methods

Study Area
For the delimitation of the study area, the polygon proposed by Guevara et al. (2004) was employed. They circumscribed the Los Tuxtlas region in terms of its volcanic origin, which makes it different, edaphically, geomorphologically, and climatically, from the coastal plain of the lower basin of the Papaloapan and Coatzacoalcos rivers. Based on these criteria, they demarcated a region subject to the influence of the volcanoes, separated from the area of the coastal plain subject to sedimentation processes (Guevara et al., 2004) . The polygon has an area of approximately 3,300 km 2 . The Los Tuxtlas region includes plains and a northwest-southeast oriented volcanic chain, located on the coast of the Gulf of Mexico. It is located between 18 6 0 and 18 42 0 N and 94 36 0 and 95 24 0 W (Figure 1 ). The region constitutes the eastern boundary of the Transverse Volcanic Belt, here surrounded by the coastal plain of the Gulf of Mexico. It is relatively isolated from other mountainous areas; the closest one is the Sierra de Jua´rez in Oaxaca, 150 km away (Dirzo, Gonza´lez, & Vogt, 1997) .
In general, the Sierra de Los Tuxtlas presents three types of biomes: HTF (74% of the surface), temperate forest (16%), and humid mountain forest (10%; Villasen˜or & Ortiz, 2014) . The first one is distributed practically throughout the region, while the other two are in the southern portions of the area, mainly in high parts of the Sierra de Santa Marta and on the San Martı´n Pajapan and San Martı´n Tuxtla volcanoes (Figure 1 ). Under the denomination of biome (Gurevitch et al., 2002) , different communities or types of vegetation documented in the zone by Guevara et al. (2004) were grouped within the HTF, such as high evergreen tropical forest, medium evergreen tropical forest, savanna, mangrove coastal dunes, and inundated low tropical forest. The humid mountain forest biome includes the humid montane forest and the tropical montane cloud forest. Finally, within the temperate forest biome, vegetation types such as the pine forest and oak forest are included. The Los Tuxtlas region includes seven main volcanoes, the highest reaching an altitude of 1,680 m. There are several peaks of lower altitude and many volcanic cones and hills. A central basin contains Lake Catemaco, the third largest lake in Mexico. The lowlands drain into the systems of the Coatzacoalcos and Papaloapan rivers (Andrle, 1964; Guevara et al., 2004) . Although known altogether as the Los Tuxtlas region, its physiognomy is better defined by two mountainous massifs (Sierra de Los Tuxtlas): one to the northwest, that includes the San Martı´n Volcano as its nucleus and another located to the southeast, known as Sierra de Santa Marta (Dirzo et al., 1997) .
The Sierra de Los Tuxtlas is a result of volcanic and erosion processes, which after its marine emergence in the Tertiary has gradually transformed the earth's surface up to the present time into a landscape of elevated craters, steep cones, valleys, and undulating plateaus. Most soils in the region are derived from basic volcanic materials and some from sedimentary rocks. The depth and variable composition of the soil is reflected in a complex surface configuration and causes a marked variability in the structure of the vegetation (Andrle, 1964) . For a long period of its geological history, the region maintained a forest aspect, typical of a tropical region, but in the last two millennia of human occupation, the vegetation has been destroyed and modified in more than half of its territory.
In most of the region, the climate is warm and semiwarm, although there are patches of temperate climate at the highest elevations of the three main volcanoes. The average annual temperature is 24 to 26 C, and precipitation varies from 1,200 to 7,000 mm (Gutie´rrez-Garcı´a & Ricker, 2011) . Los Tuxtlas is one of the wettest regions along the coast of the Gulf of Mexico, from Florida to Campeche. The driest month is usually May, and the rainiest period occurs from July to November. The climate of the sierra is influenced by its accentuated altitudinal gradient and complex topography, as well as its proximity to the sea and location to the south of the Gulf of Mexico. The Sierra de Los Tuxtlas is a climatic barrier between the sea and the interior of the continent (Soto, 2004; Soto & Gama, 1997) ; it generates climatic differences between the northeast slope facing the Gulf of Mexico and the southwest slope oriented toward the interior of the continent (Soto, 2004; Soto & Gama, 1997) .
Background
The botanical history in the Los Tuxtlas region began at the end of the 18th century, with the passage of the Royal Botanic Expedition to New Spain, when the first botanical specimens of the region are collected. Although study and general collection have been relatively continuous, several works have been in specific botanical groups or taxonomic families or in areas of particular interest (e.g., trees: Va´zquez-Torres, Armenta, Campos, & Carvajal, 2010; vascular epiphytes: Hietz-Seifert, Hietz, & Guevara, 1996; Araceae: Acebey & Kro¨mer, 2008 ; plant diversity patterns: Kro¨mer, Acebey, Kluge, & Kessler, 2013) . Since the middle of the last century, several national and foreign institutions have maintained their interest in the region, so that projects emerged in such diverse subjects as ecology, floristics, and ethnobotany, among others. In particular, with the founding of projects such as Flora de Veracruz and Flora of the Los Tuxtlas region, constant botanical exploration and specimen collection is maintained. Along with the explorations and collecting by other national and foreign institutions, the region has more than 50,000 unique collection numbers.
Floristic List
The list of species was obtained from a bibliographic search, and the information included in two digital collections. One is the National Biotic Information System (SNIB-REMIB) at the Comisio´n Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO), and the other is the digital repository of the National Herbarium of Mexico (MEXU-UNIBIO), at the Instituto de Biologı´a, Universidad Nacional Auto´noma de Me´xico (UNAM). Most of the specimens studied are available online on the CONABIO and UNIBIO (UNAM) websites. Based on the information obtained, the collection sites were georeferenced, which allowed the generation of a database of species with their geographical distribution, whose sites of occurrence are shown in Figure 1 .
After evaluating the scientific names documented in each record, reviewing them in the catalogs of http://www.tropicos.org and http://www.ipni.org/ and eliminating the names considered synonyms, this article reports the number of vascular plant species (subspecific taxa were not included) of the HTFs (and to a lesser extent of the humid mountain forest) in Los Tuxtlas that have at least one specimen deposited in 1 of the 61 herbaria that recorded specimens in the data bases reviewed. Finally, the information obtained from the databases was synthesized in a matrix of presencesabsences of the species in each grid-square into which the study area was divided.
Regional Richness Patterns
The polygon of the Los Tuxtlas region was divided into 32 grid-squares of 6 min latitude and longitude, approximately 116 km 2 ( Figure 1 ). To discard species that were not tropical or from humid mountain forests, the species from temperate forests in the south and southwest of the region (Grids 26, 27, 28, and 29) were eliminated. The territory was thus divided into 29 operational geographical units (OGUs). Some gridsquares are larger because neighboring cells containing less than 50% of the surface within the polygon of the study region were fused. The grid size used represented the best compromise between the distribution of collecting effort and the gaps in such effort; if a finer scale is used, the majority of grids have no records. The side of each grid cell is approximately 10% of the distance between the two extreme points of the study area; this distance could be used to estimate the areas where the species of the region are located and to evaluate them as their areas of occupation (International Union for Conservation of Nature [IUCN] , 2001), to be used as a risk parameter in local conservation strategies. The databases analyzed (CONABIO and MEXU-UNIBIO) allowed the combination of 52,197 records, from 61 different herbaria. Once grouped by scientific name (i.e., species), date, collector, and geographical coordinates of the localities, the number of records was reduced to 29,373. Finally, these records were documented as present or absent in each of the 29 6 0 by 6 0 grids. In summary, the number of unique records of each species per cell resulted in a presence or absence matrix with 12,078 presence records.
An evaluation of the floristic similarities between our study site and the main regions in Mexico with recorded areas with remaining HTF was carried out using the Sorensen-Dice similarity coefficient. The selected areas were Chimalapa-Uxpanapa & Chiang, 1994; Meave et al., 2008) , and Soconusco (Long & Heath, 1991; Lo´pez-Cruz, Alema´n, Pe´rez-Farrera, & Farrera-Sarmiento, 2010; Martı´nez-Camilo, Pe´rez-Farrera, & Martı´nez-Mele´ndez, 2012; Martı´nez-Mele´ndez, Pe´rez-Farrera, & Farrera-Sarmiento, 2008; Matuda, 1950) . The Jalisco Coast, in western Mexico (Lott, 1993; Ramı´rez & Cupul, 1999) and the portion of the Yucatan peninsula (Gutie´rrez, 2001; Martı´nez, SousaSa´nchez, & Ramos Alvarez, 2001; Zamora, 1999) with HTF were also included. The list of species of these areas was obtained from the references cited, the review of floristic works, new reports of species, as well as the CONABIO and UNIBIO databases already described. The Oaxacan Coast, Jalisco Coast, and Yucatan peninsula regions have, in addition to HTF, large extensions of tropical dry forest; thus, in the comparisons, only the species with recorded occurrence in HTF was used for comparison.
The surfaces of these areas (Table 6) were obtained from the description of the area given by the authors and calculated using a geographic information system. It should be noted that there are other areas of HTF (mostly much reduced) in Mexico, such as the Tabasco lowlands and neighboring lower slopes of the mountains of northern Chiapas, some smaller areas in central and northern Veracruz, and many scattered small areas along The number of species endemic to Mexico (Endemic) and the number of introduced species (Exotic) per cell are also indicated. The number of exclusive species (recorded only in that grid-square) is indicated in parenthesis.
the Pacific coast that would add additional species to the HTF flora.
Results
In the Los Tuxtlas region, a total of 2,548 vascular plant species were recorded (subspecific taxa were not included), distributed among 1,018 genera and 208 families. Angiosperms dominate the flora with 91% of species, ferns and lycophytes constitute 8.8% and gymnosperms 0.2%. Most species occur in the HTF, and only 358 of them restrict their distribution to the patches with humid mountain forests found in the higher altitudes of the region. A total of 2,391 species are native and 157 naturalized ( Table 2 ). Among the native species, 307 are endemic to Mexico, 51 of them endemic to the state of Veracruz, and 34 apparently only known from the LosTuxtlas region (Table 3) . The review of floristic information by grid-squares (Table 2, Figure 1 ) reveals the existence of at least 12,078 unique records documenting the presence of the species at least once among the OGUs into which the region was divided. Table 2 shows the distribution of the richness (alpha diversity) per OGU. It can be observed that there are cells with extremely low richness, such as Cell 27 (5 recorded species), to cells with more than 1,000 species, such as Grids 7 (1,379 species) or 12 (1,122). The median richness per cell is 219 species. Table 2 also indicates the collecting effort, which shows that grid cells with high number of specimens also contain a higher number of species.
Among the recorded species, 617 are known only from one grid-square, constituting the rare species of the flora of Los Tuxtlas. Among them are 100 species endemic to Mexico (out of a total of 307 recorded for the entire region). Of the 34 species mentioned earlier as being restricted to the Los Tuxtlas region, 20 are known only from one plot (with an area of occupation of no more than 116 km 2 ), and 6 are apparently restricted to the Los Tuxtlas Tropical Biology Station, UNAM (Capparidastrum tuxtlense, Diospyros tuxtlensis, Guadua tuxtlensis, Hoffmannia altipetens, Justicia tuxtlensis, and Styrax tuxtlensis).
The family with the highest number of species in the Los Tuxtlas region is Fabaceae (212), followed by Orchidaceae (171), Asteraceae (150), and Rubiaceae (143). Table 4 includes the 15 families with the highest species richness in the region; in total, these families 
How Distinct Is the HTF of the Los Tuxtlas Region?
At the national level, the most important family in the HTF is Fabaceae (see also Wendt, 1993) , which dominates by its number of species in seven of the analyzed regions (Table 5) ; only in the Lacandona region, it is surpassed by the family Orchidaceae. In five regions, the Asteraceae family occupies the second place, being displaced in three of them by Fabaceae (Lacandona) and Orchidaceae (Soconusco and Los Tuxtlas). Other characteristic HTF families in Mexico with high numbers of species in all the regions are Euphorbiaceae, Malvaceae, Poaceae, and Rubiaceae. Some families stood out for being among the 10 most important in some regions but not others; for example, Bromeliaceae was relevant in two regions (Soconusco and Los Tuxtlas), as well as Piperaceae (Coast of Jalisco and Lacandona). Table 5 summarizes the 10 most important families for each region, highlighting the five with the highest number of species. A total of 5,902 species was recorded on the eigth regions, Figure 2 and Table 6 report the values of alpha diversity (species richness) recorded in each of the seven regions with which Los Tuxtlas was compared. Only the Coast of Chiapas (Soconusco, 3,357 species), the Lacandona region (3,177), and the Chinantla region (2,555) surpassed Los Tuxtlas in their number of species (2,548). The regions with the lowest number of recorded species are the Yucatan peninsula (1,769) and the Jalisco Coast (1,910) . The species/area ratio (Table 6) shows that the Los Tuxtlas region has the highest species/area ratio, while the lowest proportion is found in the Yucatan Peninsula.
Although the richness values among the eight regions are contrasting, all of them are characterized by having exclusive species (recorded only in their territory). The maximum number of these species was found in the Lacandona region (765), followed by Los Tuxtlas (617) and Soconusco (607), and the Coast of Oaxaca had the lowest value (427). An evaluation of the floristic similarities between the main regions in Mexico with HTF showed that the Los Tuxtlas and Lacandona region (Dura´n-Ferna´ndez et al., 2016; Levy-Tacher et al., 2006; Martı´nez et al., 1994; Meave et al., 2008) have the highest percentage of shared species (Figure 2) . Using the Sorensen-Dice coefficient of similarity, these two regions share more than 60% of their flora and in turn are grouped together with four other regions of southern and southeastern Mexico (Figure 2 ): ChimalapaUxpanapa (Ma´rquez et al., 1981) , Chinantla, Oaxacan In bold are the five most important families by region. CHIMA ¼ Chimalapa-Uxpanapa, Oaxaca-Veracruz (Márquez et al., 1981) ; CHINA ¼ Chinantla, Oaxaca (Salas-Morales et al., 2003 ; JALIS ¼ Coast of Jalisco (Lott, 1993; Ramírez & Cupul, 1999) ; LACAN ¼ Lacandona, Chiapas (Durán-Fernández et al., 2016; Levy-Tacher et al., 2006; Martínez et al., 1994; Meave et al., 2008) ; OAXAC ¼ Coast of Oaxaca (Salas-Morales et al., 2003 ; SOCON ¼ Coast of Chiapas (Long & Heath, 1991; Ló pez-Cruz et al., 2010; Martínez-Camilo et al., 2012; Martínez-Meléndez et al., 2008; Matuda, 1950) ; TUXT ¼ Tuxtlas, Veracruz (this work); and YUCAT ¼ Peninsula of Yucatán, Campeche, Quintana Roo, Yucatán (Gutiérrez, 2001; Martínez et al., 2001; Zamora, 1999) .
Coast (Salas-Morales et al., 2003 , and Soconusco (Long & Heath, 1991; Lo´pez-Cruz et al., 2010; Martı´nez-Camilo et al., 2012; Martı´nez-Mele´ndez et al., 2008; Matuda, 1950) . With similarity values of below 50%, the Jalisco Coast, in western Mexico (Lott, 1993; Ramı´rez & Cupul, 1999) and the Yucatan peninsula (Gutie´rrez, 2001; Martı´nez et al., 2001; Zamora, 1999) are more isolated.
Discussion
The Los Tuxtlas region contains a substantial portion (41.1%) of all the floristic richness of the humid tropical biome recorded in Mexico (Figure 2) . It occupies the fourth position by its species richness value, below only the Soconusco (54.2% of the known richness of the HTF), the Lacandona (51.3%), and the Chinantla (41.2%) regions. However, it is the region that contains the second largest number of exclusive species (known only from the region), as well as a significant number of species endemic to Mexico (313). The dominance of families Fabaceae, Orchidaceae, and Rubiaceae seems to be a characteristic of the humid tropical biome. The Asteraceae family, although always occupying one of the first places, does not dominate by its number of species in the biome (Table 5) , occupying second or third place. Similar results are reported in other parts of the world with HTF, where one of these families occupies the predominant position. For example, the Rubiaceae family occupies the first place by number of species in the West Indies (Acevedo-Rodrı´guez & Strong, 2008) ; Fabaceae in Brazil (BFG, 2015) and Colombia (Rangel, 2015) ; and Orchidaceae in Nicaragua (Stevens, Ulloa, Pool, & Montiel, 2001) and Panama (D'Arcy, 1987) .
A significant number of species (617 native and 57 exotic) were recorded in only one grid-square; such species represent the rare element by its extent of occurrence in the region. However, the distribution of the other species is not as homogeneous as would be expected; the most widely distributed species are Siparuna thecaphora (22 grid-squares), Dendropanax arboreus Figure 2 ). It is possible that the lesser number of species in the Yucata´n Peninsula is due to abiotic factors; this region has the lowest precipitation values and the karstic substrate is not efficient for water retention. On the other hand, it is important to point out that each region has an important exclusive component (minimum 76 in the Coast of Oaxaca, maximum 419 in the Lacandona), with a range of 343. Apparently, such a geographically restricted element (exclusive to each region) is more important on the slope of the Gulf of Mexico than on the Pacific Ocean slope. Although outside the scope of the present study, it would be interesting to explore whether historical factors help to explain these important observed richness patterns, or whether the differences are due to the lack of exploratory work in some of the regions. Surely many of the species considered rare here have a wider distribution than is currently known (Wendt, 1993) , and future collecting work in the HTF (hopefully before its imminent disappearance) will reduce the high values of rarity observed here; additional studies and a thorough examination of the specimens deposited in the herbaria will also contribute to a better knowledge of the flora of the region (Bebber et al., 2010) . It has been argued that biological richness (number of species) varies considerably from one region to another (Hutchinson, 1959) , and very few species are found throughout the territory where they could survive. The flora of Mexico's humid tropical biome is a clear example; as shown in Figure 2 , a relatively low percentage of species is widely distributed throughout the biome. For example, only 351 of 5,902 species (5.9%) are registered in the eight regions of Mexico with HTF, while 1,492 (25.2%) are only known from one of them. Examples of species widely distributed in the HTF of Mexico are Roseodendron donnell-smithii (Bignoniaceae), Davilla kunthii (Dilleniaceae), Andira inermis or Pterocarpus rohrii (Fabaceae), and Guettarda macrosperma (Rubiaceae).
Implications for Conservation
The database analyzed allowed us to answer two important questions for biogeography and macroecology (Sobero´n, Llorente, & On˜ate, 2000) with conservation implications. The first one (which species are recorded in the Los Tuxtlas region?) resulted in the generation of the floristic list that includes a total of 2,548 species (Appendix 1, Supplementary Material). The second (how are these species distributed in the study area?) shows that richness is not evenly distributed throughout the studied region. Centers with an important concentration of species were identified, probably as a result of greater collection effort there, but also due to better conservation of the original vegetation. One of these centers is Grid 7 (Figure 1) , located in the core area of the Los Tuxtlas Biosphere Reserve, including the UNAM Biological Station where intense collection effort has been carried out; this grid cell alone registers one third of all the collections in the region. At the other extreme is a grid cell (27) with only five species recorded from only five collections. However, the historical review of the collection effort throughout the region reveals important sites that once reported a greater species richness. Future restoration efforts could be better oriented, based on information collected for each of the sites in which the Los Tuxtlas region was divided. In general, from 0 to 600 m a.s.l., the original vegetation has disappeared, leaving only small islands of natural vegetation from 1 to 100 ha, greatly altered by agriculture, hunting, and livestock activities. These areas should have priority for restoration or creating corridors and conservation areas, taking advantage of being remaining islands of original vegetation. Before any seed collection, well-planned projects must be in place to ensure the success of restoration in degraded areas.
Within the Los Tuxtlas region lies the Los Tuxtlas Biosphere Reserve, with an area of 1,551 km 2 ; three core zones have been declared within the reserve, Volca´n San Martı´n Tuxtla, Sierra Santa Marta, and San Martin Pajapan, with a combined area of 297 km 2 . The core area of a reserve is composed of a protected ecosystem that contributes to the conservation of landscapes, ecosystems, species, and genetic variations; the surface of this core area is composed of humid mountain forest (58% of potential vegetation) and HTF (42%; contrasting with 10% and 74%, respectively, in the entire Los Tuxtlas region). Within this core area, research and other low-impact activities are allowed for the ecosystem. The core zones of the Los Tuxtlas Biosphere Reserve contain 1,575 species, 190 of them endemic to Mexico, and 25 endemic to the region. Together they protect 58% of the flora of the region and 60% of the local endemism, contributing significantly to the conservation efforts in the area (Acebey et al., 2015; Arroyo-Rodrı´guez et al., 2009; Arroyo-Rodrı´guez & Mandujano, 2006; Bongers et al., 1988; Ibarra-Manrı´quez & Sinaca, 1987; IbarraManrı´quez & Sinaca-Colı´n, 1995 , 1996a , 1996b LiraNoriega et al., 2007; Ramı´rez, 1999) . Undoubtedly such areas can be important for collecting seeds or the placement of nurseries for seedlings useful for future reforestation of deforested sites, which constitute a large part of the region (Chazdon, 2008) .
If the polygon of Figure 1 is considered an equivalent of the extent of occurrence of the regional criteria proposed by the IUCN (2012) and the cells into which it was divided similar to the area of occurrence, one could estimate the degree of threat of the species in the Los Tuxtlas region. Of the 2,548 native species of Los Tuxtlas, 617 of them occur in a single cell (6 min latitude and longitude, roughly equivalent to 116 km 2 ). Thus, applying only the criterion of area of occurrence (Criterion B2), these species could be considered endangered (EN) in the region, having an area smaller than 500 km 2 . Under this threat assessment, it is alarming that a quarter of the flora of Los Tuxtlas is classified as EN and therefore facing a high risk of extinction in the wild; especially several of them endemic to this region (Table 2 , Appendix 1, Supplementary Material). Similarly, a recent conservation assessment of Peperomia from Veracruz by Vergara-Rodrı´guez, Mathieu, Samain, Armenta-Montero, and Kro¨mer (2017) revealed that eight species endemic to this state are EN, and another 11 species endemic to Mexico are in a risk category according to the IUCN criteria. However, it should be mentioned that many species classified here as EN for Los Tuxtlas could have a different conservation status or even be abundant in other regions or at other geographical scales.
The importance of the Los Tuxtlas region as a center of endemism or priority site for HTF conservation has been discussed earlier (Villasen˜or, Meave, Ortı´z, & Ibarra-Manrı´quez, 2003; Wendt, 1993) . Its importance can be partly explained by its remarkable floristic richness and important number of Mexican endemic species and those known only from the region. The region, and in general the HTF in Mexico, requires a commitment to a more collecting effort throughout the region and to keeping up-to-date lists such as the one presented here, to keep up with constant taxonomic and nomenclatural changes, as well as the continuous discoveries that are made when carrying out more exploration work. Only in this way will it be possible to continue evaluating its priority role in the conservation of this important biome, facilitating more comprehensive studies by other scientists as well as decision-makers involved in the conservation of biodiversity.
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